Fourteen clinical isolates of Yersinia enterocolitica serotype 0:3 and four well-documented virulent strains of serotypes 0:3, 0:8, and 0:9 were biotyped and examined for plasmid-associated autoagglutination and calcium dependency and for epithelial cell adherence. These strains were tested for the production of bacteriocin-like antagonism by using tryptone soya blood agar at room temperature and at 37°C. By using the cross-streaking method, three clinical isolates produced inhibitory substances at room temperature. These substances were active against a variety of clinical isolates and their plasmid-cured derivatives at both room temperature and 37°C. The inhibition was easier to read after incubation of the cross-streaked plate at 37°C. The inhibition patterns indicate that two of the three producer strains appear to recognize potentially virulent 0:3 strains, with or without the virulence plasmid.
Yersinia enterocolitica has been extensively studied in recent years (2, 3, 10, 24) . Improved methods of isolation and identification have led to a greater appreciation of the clinical importance of the organism (10) . Moreover , there has been a worldwide increase in reporting of this organism, but whether this is due to increasing incidence, an increased awareness of the clinical diseases produced, or improved diagnostic capability is uncertain (10, 23) .
Laboratory methods to differentiate strains of Y. enterocolitica have been limited to biotyping, serotyping, comparison of antibiograms, and bacteriophage susceptibility testing. In the United States, most strains involved with human infection have been of serotypes 0:3, 0:8, and 0:5, whereas in Canada 0:3 is most common and in Europe 0:3 and 0:9 are most common (10, 24) . Sensitive methods for differentiating strains within these serotypes have not been available, although the phage typing system has been useful in separating Canadian and European 0:3 serotypes (24) .
Bacteriocins are defined as antibacterial substances produced by various species of bacteria which are active usually against closely related organisms (7). Bacteriocins have found widespread application in epidemiological studies as specific markers of bacteria. In the genus Yersinia, bacteriocin-like activity has been reported for Y. pestis (1), Y. pseudotuberculosis (5) , and Y. intermedia (4) . The biology of yersiniae is markedly influenced by temperature. Virulent strains of Y. pestis, Y. pseudotuberculosis, and Y. enterocolitica possess a related plasmid species which is essential for virulence and calcium-dependent growth at 37°C (19) . The activity of pesticin 2 is closely dependent upon calcium ions (20) . In addition, several biological attributes of Y. enterocolitica are enhanced by lower-temperature incubation, including enterotoxin production (17, 22) and fimbria synthesis (15 (18) . Calcium dependency was tested by growth on magnesium oxalate agar at 37°C, and spontaneous mutants that were calcium independent were isolated as large colonies on magnesium oxalate agar (12) . All strains and their calcium-independent mutants (when applicable) were tested for autoagglutination in RPMI 1640 medium as previously described (14) . Adherence to human epithelial cell lines HEp-2 and HeLa was measured by a modification of the method of Brunius and Bolin (6), whereby each bacterial strain and its plasmid-cured variant, when applicable, were grown in tryptone soya broth at 37°C for 24 h and harvested and washed with phosphate-buffered saline to a suspension of 108 bacteria per ml; the epithelial cell monolayer and bacterial suspension were incubated at 37°C for 90 min. The remainder of the procedure was as described by Scott and associates (21 grown at room temperature and subsequently tested by the cross-steaking method at room temperature and at 37°C. The cross-streaking method was performed as described by Gillies and Govan (8) and Govan and Gillies (9) with two modifications. The strain to be tested was inoculated as a 1.5-cm-wide streak (instead of 1 cm) diametrically across duplicate tryptone soya blood agar plates. The plates were incubated overnight at either room temperature or 37°C. A wider streak of the original inoculum was used because the inhibitory zones produced were larger and clearer. After overnight incubation, the inoculum was removed with a glass slide, and remaining viable growth was killed by exposure to UV light for 30 min. The indicator strains were streaked singly at right angles to the original inoculum by using a wire loop (8 strains per plate). The plates were incubated at room temperature or 37°C overnight, and inhibition was recorded where the indicator strains crossed the original inoculum. This procedure was followed until all of the strains had been tested against each other. Table 2 gives details of the results of testing of the strains for virulence-associated characteristics.
RESULTS
Production of bacteriocin-like activity. Three Y. enterocolitica isolates, numbers 15, 20, and 38 (Table 1) , produced bacteriocin-like antagonism by the cross-streaking methods. The inhibitory substance was produced only by incubation at room temperature, regardless of whether the strains had been maintained at room temperature or 37°C prior to testing. However, the inhibition was demonstrable after incubation at both room temperature and 37°C, and the cross-streaked plates incubated at 37°C were easier to read, with clearly defined zones of inhibition (Fig. 1) .
The inhibitory substance was bactericidal, since the inhibition zones remained free of indicator colonies during incubation at room temperature for 2 weeks.
None of the producer strains was susceptible to its own active principle or to that of either of the other two producer strains.
Producer strains and inhibition patterns. Two of the producer strains, isolates 15 and 38, were of biotype 1, while the (16) . However, the antagonistic substance was bactericidal, since the inhibition zone remained clear of indicator colonies during incubation at room temperature for 2 weeks. None of the three producer strains was susceptible to its own active principle or to that of either of the other two producer strains. The nature of the active substance remains to be elucidated.
The assumption that the production of bacteriocin-like antagonism can be related to a calcium-dependent function at 37°C could not be deduced from our experiments. No inhibitory activity was detected when the producer strains were incubated at 37°C on tryptone soya blood agar, a calcium-rich medium.
In conclusion, three clinical isolates of Y. enterocolitica have been shown to produce bacteriocin-like antagonistic substances active against strains of Y. enterocolitica 0:3 and single strains of serotypes 0:8 and 0:9. The site of activity was not related to virulence plasmid-coded structures, since plasmid-cured strains were also inhibited. Three producers of bacteriocin-like activity were described. The antagonistic spectrum of two of the producer strains is almost identical to similar inhibition spectra of serotype 0:3 isolates and the single 0:9 isolate. These two producers appear to recognize potentially virulent 0:3 strains, with or without the virulence plasmid present. In contrast, the third producer strain inhibited only the single 0:8 strain tested.
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